Postoperative cognitive dysfunction (POCD) is a common complication among the elderly after major surgery. Age is an important risk factor for both the development of POCD and the appearance of dementia, and because of the population ageing, the number of elderly patients undergoing surgery is likely to grow in the future. 1 At the same time, dementia represents a large burden to the healthcare system. 2 It has been shown that POCD has long-term consequences in terms of increased all-cause mortality, risk of leaving the labour market prematurely, and dependency on social subsidy. 3 Furthermore, it has been proposed that there is an association between POCD and the development of dementia due to a common pathological mechanism through the anaesthetic effect on amyloid b peptide oligomerization and deposition. 4 However, some clinicians have questioned whether surgery or major illness can cause cognitive decline at all, and if at all POCD exists as a clinical entity. 5 Hence, it remains uncertain whether POCD can be a precursor of dementia. We aimed to assess a possible association between POCD and the occurrence of dementia. Furthermore, we wanted to explore if POCD was related to the development of depression, organic amnesic syndrome, or mild cognitive disorder.
Methods

Ethics
The ISPOCD studies were approved by the research ethics committees for all of the Danish centres, and patients were enrolled after giving written informed consent. 6 -10 The pro-
The cohort and databases
Patients were enrolled in both International Studies of Postoperative Cognitive Dysfunction (ISPOCD 1 and 2) in the USA and in Europe. Patients were aged 40 yr or above and presented for major or minor non-cardiac surgery in regional or general anaesthesia. 6 -10 We excluded patients already diagnosed in the databases with dementia at any time point before enrolment, scored ≤23 on the Mini-Mental State Examination (MMSE) test, had disease in the central nervous system, were abusing drugs, alcohol or taking antidepressants, had previously been admitted for cardiac or neurological surgery or already performed a neuropsychological test, were unable to comprehend the test language, had visual disorder, or hearing impairment. In Denmark, we recruited from four centres between November 1994 and May 1996 in the ISPOCD1 study and between October 1998 and October 2000 in the ISPOCD2 study. 3 For the present study, we conducted a long-term follow-up of the Danish patients from surgery (years 1994 -6 and 1998-2000) until July 1, 2011, using the unique national personal identification (CPR) number assigned by the Danish Civil registration system to all 5.6 million residents of Denmark at birth or immigration. 11 The Danish Civil registration system contains data on date of birth, sex, home address, immigration, emigration, and date of death.
To investigate the outcomes of interest, we used the National Patient Register 12 and the Psychiatric Central Research
Register. 13 These national databases contain data on a daily basis on all inpatient or outpatient hospital contacts to somatic hospital departments since 1977 and psychiatric hospital departments since 1969, respectively. ICD-8 codes were used until 1993, and since January 1994 ICD-10 codes have been used in both databases, and in 1995, data on outpatients were included in both registers. ISPOCD data were linked to the Danish Civil Registration System, the National Patient Register, and the Psychiatric Central Research Register by the CPR number. Hence, it is possible with great certainty to establish whether a Danish ISPOCD patient has been admitted to a Danish hospital (as inpatient or outpatient), irrespective of changes in the patient's name, or address.
Neuropsychological assessment and criteria for POCD
There is no consensus definition of POCD in the medical community. As previously described, the cognitive performances were assessed at three time points: 6 before surgery (usually 1 day before operation), at 1 week (or at hospital discharge if earlier), and at 3 months after surgery using a battery of neuropsychological tests. We used data from the four follow- Primary outcome measure The diagnosis of the different subtypes of dementia was made at the discretion of the physician treating the patient. We assessed dementia as a single non-specific term using the ICD-8 codes 290-290.10 and 290.18-290.19 and ICD-10 codes F 00.0-01.9, F03.9, and G30-30.9.
14 We used ICD-8 codes (before January 1994) to exclude patients diagnosed with dementia before the operation.
Secondary outcome measures
Furthermore, we wanted to explore secondary outcome measures that were either co-existent or predictors of dementia. Hence, we sought for a possible association between POCD at both time points and the development of depression (ICD-10: F32 -F33.31), 15 'Organic amnesic syndrome, not induced by alcohol and other psychoactive substances' (ICD-10: F 04), or 'Mild cognitive disorder' (ICD-10: F06.7).
Covariates
The analyses were adjusted for sex, age, education, and a history of co-morbidity. We defined co-morbidity as being present if one or several of the following conditions were recorded before operation: heart disease, pulmonary disease, diabetes, or cancer.
Statistics
The associations of POCD at 1 week and 3 months with the covariates were tested with Pearson's x 2 test for categorical, and Wilcoxon signed-rank test for continuous covariates. The impact of POCD on the outcomes was assessed as a hazard ratio (HR) in Cox proportional hazard regression models on time to the first occurrence of the outcome (e.g. first dementia diagnosis) or censoring (death, lost to follow-up or July 1, 2011) whichever came first. For the impact of POCD at 1 week, the time-origin was 1 week after surgery, while for POCD at 3 months, the time-origin was at 3 months after surgery. Patients for whom the outcome occurred before the time-origin were excluded from the analysis. We estimated 95% confidence intervals (CI) of the incidence rates assuming a Poisson distribution for the number of events. P,0.05 was considered significant. All analyses were performed using the commercial statistical software package SAS (SAS Institute Inc., Cary, NC, USA).
Results
A total of 2536 patients were enrolled in the ISPOCD 1 and 2 studies; of which, 720 were Danish patients. Table 2) . No patients were diagnosed with organic amnesic syndrome and only three patients had mild cognitive disorder. 
BJA Discussion
We were unable to show a significant association between POCD and dementia in this long-term follow-up of nearly 700 Danish surgical patients. Likewise, there was no significant relationship between POCD and depression. The recorded incidence of organic amnesic syndrome and mild cognitive disorder was very low in this cohort and no detailed analysis could be performed of these conditions. To our knowledge, this is the first study to address whether patients with POCD are at increased risk of developing dementia-an association we were not able to establish.
The follow-up information is extensive (11 yr), and of high quality, as data on all inpatient or outpatient hospital contacts (somatic and psychiatric) in Denmark are collected prospectively on a routine basis for registration in administrative databases as part of the official health survey-independent of specific research purposes.
Our study has several limitations. First, there is a limited power in our analysis, and we may therefore have overlooked an association. The total number of events was rather small (32 demented patients), and with only seven and four incident events over 11 yr in the two POCD groups, the risk is negligible from a clinical point of view, even though the HRs for developing dementia were around 1.16 and 1.50 in patients with POCD at 1 week and 3 months, respectively. It is likely that our cohort represents a subgroup with a higher level of cognitive functioning at baseline as patients should obtain a score above 23 in the MMSE test before inclusion in the ISPOCD studies. Hence a high level of baseline cognitive function in our participants limited the study's ability to detect an association between POCD and dementia since an increased cognitive reserve is protective for dementia. 16 The incidence rate of dementia in our study (Table 2) does not differ from that in the general Danish population, and it is comparable with 44.5 per 10 000 person-years found in another Danish study, taking into consideration that patients were somewhat younger in that cohort; median: 52.7 IQR (42 -68) compared with 67 (IQR 61-74) in our study. 17 It is estimated that at least two-thirds of patients with dementia in Denmark will be diagnosed on contact with secondary hospital healthcare. 18 Nevertheless, it should be noted that general practitioners or private practicing specialists in psychiatry or neurology might diagnose persons with dementia without this being recorded in the registers. In this way, it is most likely that only patients with the more severe forms of dementia are recorded in the registers. The Danish database is exhaustive so that all hospital contacts are registered; if a person does not feature in the database, the person has not had any contact with a hospital. In Denmark, all medical treatment in-hospital is free for all residents, so it seems unlikely that patients would remain at home without being hospitalized if relatives should consider that person to have significant dementia. Obviously, dementia could be overlooked, but an underestimation of the incidence of dementia would be a problem in both groups (with or without POCD). A power analysis revealed that we were able to detect an HR of 2.8 for POCD at 1 week, and an HR of 3.2 at 3 months with a power of 80% at the 5% level of significance. More than 8600 patients are needed to detect an HR of 1.5-a number that is unlikely to be included in any long-term follow-up study. The ISPOCD studies are the largest studies of POCD to date, and they included 2500 patients. Since dementia is an infrequent outcome (in our sample about 50 per 10 000 person-years), a clinically relevant HR should necessarily be high, for example, HR.3. Since we did not find an effect of this order of magnitude, this strengthens the conclusion that POCD is not associated with future dementia. While patients with POCD at 3 months have a higher mortality, 3 this does not bias the results from the survival analyses as the HR indicates a ratio of dementia incidence rate for the living; the cognitive concern is not considered clinically relevant if patients die before they experience dementia. Furthermore, the preoperative MMSE was significantly lower in the later diagnosed demented group, which suggests that the process of cognitive deterioration was already initiated before surgery. Secondly, several subtypes of dementia exist, but we chose to focus only on the diagnosis as a single non-specific term rather than specifically. It could be interesting to analyse the subtypes in order to suggest pathophysiological mechanisms, but the total number of demented subjects was low, and from the patient's point of view, the major concern is not aetiology, but whether postoperative cognitive deterioration results in dementia. Numerous studies have failed to show that POCD depends on the type, dosage, and metabolism of specific anaesthetics, and so far, the aetiology of POCD is unknown. 19 -22 A registered diagnosis of dementia was found to be correct in 85% of cases according to ICD-10 or DSM-IV criteria for dementia. 23 Hence, we were able to establish with great certainty whether a Danish ISPOCD patient has been admitted to a Danish hospital and given a dementia diagnosis of rather good validity. However, the classification into specific subtypes of dementia diagnoses was less valid. 23 The risk of depression was not significantly associated with POCD. Consequently, there is no evidence of POCD as a risk factor for depression, but the number of events was low, similar to the number in the dementia analysis, and a similar risk of overlooking cases not recorded in the databases exists. The number of patients with organic amnesic syndrome and mild cognitive disorder was even smaller, and therefore, it was pointless to estimate any HRs. Even though patients with poor preoperative performance are difficult to identify using the ISPOCD neuropsychological test battery as a result of floor effects in the tests, 24 a further deterioration relative to the perioperative performance would probably be detected in the national patient registry if the cognitive decline had clinical implications. Thus, organic amnesic syndrome and mild cognitive disorder are not common concerns in the present cohort. Population studies have found mild cognitive deficits to be a strong predictor of subsequent dementia several years later, and a study of 2364 elderly persons found that subjects with mild cognitive impairment at the initial examination were 2.8 times more likely to experience Alzheimer's disease 18 -24 months later than normal elderly individuals. 25 26 Although POCD is a condition of subtle cognitive changes, it is not similar to mild cognitive impairment. A POCD patient does not necessarily have a cognitive complaint, which typically is the case with mild cognitive impairment, usually presented as a decline in memory. 27 When considering a possible impact of anaesthesia on the development of dementia, the evidence is sparse. Bohnen and colleagues reported an inverse relationship between the age of onset for Alzheimer's disease and the cumulative exposure to anaesthesia before the age of 50, but the CIs of the odds ratios were rather large, and most other studies have not been able to establish an association between anaesthesia and dementia. 28 -30 One of the problems in several studies is the lack of accurate information about the timing of surgery and the development of dementia. A recent study did not detect accelerated cognitive decline in subjects undergoing surgery, but the relationship between time of surgery and cognitive testing was not well controlled and many surgical procedures were minor. 5 The study did not determine the presence (or absence) of POCD. The ISPOCD studies provide data on the patients' cognitive ability before surgery, and also 1 week and 3 months after operation. The neuropsychological deterioration in the perioperative period is reversible for the most part, but before this study, it was uncertain whether these subtle cognitive changes could be a precursor of long-term dementia. This study cannot elucidate whether anaesthesia and surgery per se is associated with a risk of dementia. Even though cognitive decline is an important concern due to an increased risk of mortality, withdrawal from the labour market, and social subsidy, 3 this study supports the current view that postoperative cognitive decline is largely reversible; the clinician should be able to reassure the patient (or their relatives) that there is no good evidence that long-term cognitive decline may be caused by surgery. However, POCD is a condition that requires a better understanding, especially in terms of aetiological factors in order to prevent the cognitive complications due to surgery. 31 Larger studies of long-term effects of POCD are needed.
In conclusion, POCD did not seem to be associated with the development of dementia.
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